Among the imaging techniques, magnetic resonance imaging (MRI) is a non-contact and a non-invasive technique to obtain images of the objects rich in water content and provides an excellent tool to study variation of contrast among the soft issues. It often utilizes a linear magnetic field gradient to obtain an image that combines the visualization of molecular structure and dynamics. It measures the characteristics of hydrogen nuclei of water and nuclei with similar chemical shifts, modified by chemical environment across the object. In the present work, MRI of fresh tomatoes has been recorded using Terranova-MRI for qualitative analysis. The technique is effective, powerful and reliable as an investigative tool in the quality analysis and diagnosis of infections in fruits and vegetables.
I. INTRODUCTION
There are various imaging techniques in biomedical field such as ultrasonic [1] [2] [3] [4] [5] , X-rays [6] [7] [8] [9] [10] [11] and NMR [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . Among the imaging techniques, magnetic resonance imaging (MRI) is effective, powerful and reliable. Biomedical engineers find better opportunities in the design of this imaging technique. MRI is a non-invasive imaging technique most commonly used in biomedical research and medical radiology to visualize structures and functions of the living system and single cells. It is also used to produce tomographic images from human or other biological systems rich in water content. MRI provides an excellent contrast among the various soft tissues as compared to the computer tomography (CT) where images are used to ascertain the difference in tissue density to reflect X-rays.
MRI machines make use of the fact that body tissues contains lot of water (and hence protons) which gets aligned in a large magnetic field. Each water molecule has two hydrogen nuclei or protons and when a person is inside the powerful magnetic field of the scanner, the average magnetic moment of many protons is aligned with the direction of the applied magnetic field. A radio frequency current is briefly turned on, producing a varying electromagnetic field. This electromagnetic field has just the right frequency known as resonance frequency, to be absorbed and flip the spin of the protons in applied the magnetic field.
After the electromagnetic field is turned off, the spin of the protons returns to the thermodynamic equilibrium and the bulk magnetization becomes realigned with a static magnetic field. During the relaxation, a radio frequency signal is generated which can be measured with the help of receiver coils. Information about the origin of the signal in 3D space can be obtained by applying additional magnetic fields during the scan. 3D image can also produce images in any plane of view. This image can be rotated and manipulated to detect the tiny changes of structures within the body.
In the present work, MRI images of the fresh tomatoes are recorded using Terranova-MRI manufactured by Magritek, New Zealand.
II. EXPERIMENTAL:
Terranova-MRI is basically the Earth's Field Nuclear Magnetic Resonance (EFNMR) [22] [23] [24] and NMR measuring system. It consists of three main hardware components: A coil probe, a digital signal processing (DSP) unit and a Personal Computer. The coil probe consists of three sets of coils that slot together in a bayonet configuration. The outermost coil is coaxial solenoid, called polarizing coil. If applied with a large current, polarizing coil will produce an initial polarizing field to enhance the net nuclear magnetization of the subject sample in the probe. Middle coils are the gradient coils to generate four magnetic field gradients. The X, Y and Z gradients are applied around the sample for encoding of the spatial RESEARCH ARTICLE OPEN ACCESS Obtaining the first free-induction decay (FID) and spectrum is the most challenging step in the set-up process for the EFNMR system. Many inter-dependent parameters and factors contribute to the quality of the acquired EFNMR signal.
 Coarse tuning of the probe:
The first step once the system is switched on is to tune B1 coil at the observed resonant frequency, to obtain maximum signal. The tuning macro can be found in the EFNMR menu under the name Analyze Coil.
This experiment applies an impulse to the B1 coil and gives the response as a function of the tuning capacitance (which is under computer control). The output of the Analyze Coil is as shown below.
Fig 1: Sampled output from the Analyze Coil
The three sub-plots in Fig. 1 represent the time domain response to the impulse, the frequency domain response, and the peak of the response versus tuning capacitance curve. From this curve the program calculates the inductance and parasitic capacitance of the B1 coil.
 Selection of an initial location for the EFNMR system: The EFNMR instrument is very sensitive to the location. There are two location dependent factors which greatly affect the quality of the observed signal: local magnetic field inhomogeneity and noise caused by interference from electronic equipment in the vicinity of the EFNMR probe.
A procedure called Monitor Noise in the EFNMR menu is performed to determine the best location.
Fig. 2 (a) : The Monitor Noise macro

Fig. 2 (b): Output from the Monitor Noise experiment
A typically acceptable noise level for MRI is less than 10 µVrms, anything less than 5µV is good and less than 3µV is excellent. Noise levels between 10-100 µV will make basic NMR measurement difficult and MRI almost impossible.
 Select initial parameters:
Initially, insert a standard bottle filled with tap water into the probe. The supplied bottle with 73 mm diameter, 570 ml volume bottle is an ideal choice of a sample container. The pulse and collect steps are the simplest NMR pulse sequence, consisting of polarizing pulse and an excitation, or B1, pulse followed by the detection of the signal. www.ijera.com DOI: 10.9790/9622-0705022630 28 | P a g e the polarizing pulse is set to 4000 mS in order to maximize the signal intensity and enhancement. The polarizing current parameter takes values from 0 to 6.0 A. The B1 frequency should be set to the Larmor frequency of the sample. The Larmor frequency is dependent on the gyro magnetic ratio of the observed nucleus and the strength of the Earth's magnetic field. Typically this value will be in the range 1800 to 2500 Hz.
Fig. 4 (a):
The output of Pulse and collect procedure
As mentioned earlier, it is however very likely that no signal is observed or that the observed signal is very small. The problem is likely due to be local magnetic field in-homogeneity.
Fig. 4 (b):
The output of Pulse and collect steps in the region of magnetic field in-homogeneity  Using a spin-echo to find a signal: It is difficult to optimize the location and other experimental parameters of the EFNMR system without an observable signal. Therefore, in order to effectively troubleshoot the setup of the instrument, it is useful to employ the other NMR method called as "spin-echo" experiment. This macro uses an iterative procedure to modify the current through the x, y and z gradients until the peak height in the frequency domain is maximized. Using this macro, the signal amplitude is determined by integrating the spectral peak over a range of frequency values. The B1 parameters define the array of the B1 pulse durations to be used for the experiment. 
III. CONCLUSION
The facility of MRI of the instrument was tested in the laboratory on freshly obtained tomatoes from the local market. Fig. 8 shows the recording of MRI of the fresh tomato under study using Terranova-MRI instrument, Magritek, from New Zealand. The image looks slightly blurred but one can clearly see the tomographic slice along with the dimensions of the tomato under study. The quality of the image can be improved if the image processing software, Pospa, is incorporated with additional features to refine the image. As the EFNMR system is working on the Earth's magnetic field, the pulse frequency is low and the nuclear magnetization is weak. However, there are many difficulties associated with obtaining and analyzing high-quality NMR spectra in such a weak field. The challenge associated with EFNMR is the optimization of resolution and sensitivity. While the Earth's field itself is highly spatially homogeneous, this homogeneity is easily disrupted by magnetic objects. Additionally, very low Larmor frequencies of nuclei in the Earth's field render EFNMR measurements highly susceptible to interference from external ULF noise sources. The electric noises from the surrounding environment are high enough to disturb the magnetic resonance signal of this system. The instrument is very useful in the qualitative analysis and study of MRI of fruits and vegetables in a laboratory. This facility of the instrument proves to be effective and useful for the diagnosis and study of growth of pathogens and degree of infections in fruits and vegetables.
